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EXECUTIVE SUMMARY 
 
The former Lamb Island Dairy Farm, approximately 808 acres in size, was abandoned 6 
years ago and is currently owned by the District.  In 2000, Dames & Moore (D&M) 
conducted a waste management assessment on the Dairy including characterization of the 
serial waste storage ponds, high intensity areas (HIAs), eco-reactor and irrigation ditches 
as part of a closure plan. The primary phosphorus (P) sources were identified as barn 
wash water, cow spray and runoff from HIAs and perimeter dike.  The D&M report 
includes a description of the Bion wastewater treatment system that was installed at the 
dairy.  The Bion system included treatment of wastewater and runoff from the HIAs and 
perimeter ditch which were serially pumped to a 1-acre 1st stage primary settling pond, a 
2-acre anaerobic/facultative pond, a 5-acre anaerobic/facultative pond and then to an eco-
reactor system that provided final chemical and biological treatment.   The 1st pond 
received the high concentration wastewater solids from the milking parlor complex (barn 
wash, cow spray, runoff from the HIAs and from the perimeter ditch around the HIAs).  
The final eco-reactor pond is comprised of a shallow waste storage area where iron salts 
were added to precipitate out P.  Grass in the pond with P accumulation was harvested 
periodically and was used for cow feed.  Excess flow into the pond was used for land 
application by spray irrigation.   
 
HSA Engineers & Scientists (HSA) was retained by the South Florida Water 
Management District (District) to develop and implement one or more remedial 
alternatives with the primary objective of minimizing P discharges from the Site.  
Preferred remedial measures would minimize offsite P runoff while being cost effective 
with respect to both capital and long term operation and maintenance expenditures.  A 
review of the most recent soils and water site phosphorus data obtained from the property 
along with a listing of preliminary remedial recommendations were provided in the 
Agricultural Nutrient Management Assessment (AgNMA) (SWET, 2002) .  Soil and 
water phosphorus data contained in the AgNMA were used by HSA to develop 
recommended remedial measures.   
 
HSA with technical support from sub-consultants, Engineering and Applied Sciences 
(EAS) and Wetland Solutions, Inc. (WSI), prepared a draft 30% complete remedial 
nutrient removal design for the Lamb Island Dairy.  After submittal of this package, HSA 
was requested to provide additional information on remedial alternatives to be potentially 
used on the site to ensure the most cost effective nutrient removal approach that would 
minimize long-term O&M.  This Final Preliminary (30%) Design Package incorporates 
these changes and other changes discussed above as responses to the Interagency Team’s 
comments.   
 
The Phase I remedial design includes: 
 

• Constructing a surface water containment berm around the HIAs and high 
P soils, gravity flow of storm water runoff to the existing eco-reactor and 
swale for biological (wetland) treatment; 
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• Constructing a shallow terracing berm at the edge of farm to collect and 
store runoff;  

• Chemically treating settling pond and cooling pond water; 
• Chemically amending the waste (residual manure solids) material from 

Pond 1 and 2 and leaving the material in-place;  
• Backfilling the perimeter ditch; and, 
• Hay cropping of all available land areas. 

 
Other residual manure waste management alternatives including in-situ bioremediation 
are being investigated.  Any proposed changes to the manure waste management 
alternative will be discussed with the District Project Manager.  Alternative waste 
management alternatives will be presented, if necessary, in subsequent design documents 
for comment by the Interagency team. 
 
The treatment system performance will be monitored and the results will be compared 
with future regulatory requirements.  If the load reduction is not sufficient further 
treatment will be proposed (Phase II).  Phase II alternatives include more active treatment 
scenarios including pumping to return gravity drained storm water runoff to the wetland 
treatment system and edge of farm treatment systems. 
 
Total phosphorus content of storm water runoff from the area west of Lamb Island Road 
has averaged 0.194 mg/l as P during recent years.  Due to the low concentration of P in 
the soils, the area west of Lamb Island Road is not addressed in the remedial design. 
 
Hay leases will be managed by the District for areas of the farm located east of Lamb 
Island Road.  The hay leases will specify the types of grasses and will provide for exotic 
species control and eradication practices. 
 
In order to determine the effectiveness of alum to precipitate the phosphorus contained in 
pond solids, soils and storm waters, bench scale treatability studies were performed with 
the assistance of General Chemical Corporation.   Alum dosages were recommended 
based on producing non detectable soluble P values in the treated samples. 
 
Based upon a review of the data contained in previous studies using runoff from the 
pastures from 1988 through 1999 and an average total P concentration of 3.33 mg/L, the 
current total P load discharging from the eastern portion of the site averages from 1.7 to 
2.0 tons (1.5 to 1.8 metric tons) per year (Albers et al 2000; SWET 2002).  The outflow 
total P concentration from the proposed wetland treatment system is estimated to less 
than 1.0 mg/L.  Using the same common technique as in previous reports, the wetland 
system will remove approximately 845 pounds (384 kg) of P per year.  Allowing for a 
vegetative “grow-in” period, the treatment system will reach optimum performance 
within 12 – 18 months from the time of system start-up.  Additional P load reduction is 
anticipated through volume retention and detention and P output from the farm by hay 
cropping.  The concentration of runoff outside the HIA and high P soils is anticipated to 
be less than the farm average total P concentration of 3.33 mg/L used in other models.   
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Construction of Phase I remedial alternatives will commence in July 2003 and should be 
completed by the end of August 2003.  
 
Estimated total cost of the remedial construction activities is $145,700.  Details regarding 
the basis of design and supporting documentation are provided in the main body of the 
report.   



    4 

1 OBJECTIVE 
 
The objective of this project is to significantly reduce the storm water total phosphorus 
(P) load discharges from the Lamb Island Dairy property (Site).  HSA Engineers & 
Scientists (HSA) has been retained by the South Florida Water Management District 
(SFWMD) to implement one or more remedial alternatives as recommended by an 
Agricultural Nutrient Management Assessment (AgNMA) to minimize P discharges from 
the Site.  The implemented alternatives will reduce P discharges to the maximum extent 
practicable while taking into consideration cost effectiveness as well as the minimization 
of long term operation and maintenance requirements. 
 
 
2 INTRODUCTION AND BACKGROUND 
 
The Lamb Island Dairy Site, also known as Ferrell Dairy, includes approximately 808 
acres in the southeast corner of Section 36 of Township 35 South, Range 33 East and in 
the southwest corner of Section 31 of Township 35 South, Range 34 East of Okeechobee 
County, Florida.  Between the years of 1982-1988 there were approximately 1000-1100 
head of cattle on the property, both lactating and dry.  The Site was acquired by the 
SFWMD in 1994, in accordance with the Kissimmee River Restoration and Headwaters 
Revitalization Program to restore the historical river flood plains in the Cypress Slough.  
Per a lease agreement with the SFWMD, the previous property owner was allowed to 
keep beef animals on the property.  All animals were removed from the Site in late 1998. 
 
In 1990, Site dairy operations were required to be in accordance with the FDEP Dairy 
Rule, with a total P concentration discharge limit of 1.2 mg/L (ppm).  A Works of 
District Permit was issued for the Site in 1997, with a lower discharge limit of 0.35 mg/L 
total P since the land had been converted to improved pasture (#47-00416-Q, SWET 
2002).  The Lake Okeechobee Protection Program has established a Total Maximum 
Daily Load (TMDL) of 154 tons (140 metric tons) per year for Lake Okeechobee.  This 
relates to an in- lake concentration goal of 0.04 mg/L total P. 
 
 
3 PREVIOUS STUDIES 
 
A waste management system was designed for the Site by the USDA-Natural Resources 
Conservation Service (NRCS) to meet the FDEP Dairy Rule requirements.  The waste 
management system included perimeter ditches and berms around the High Intensity 
Area (HIA).  A 1-acre 1st stage primary settling pond (Pond 1) received the high 
concentration wastewater solids from the milking parlor complex (barn wash, cow spray, 
and runoff from the HIAs and from the perimeter ditch around the HIAs).  Pond 1 water 
was pumped into a 2-acre facultative treatment and storage pond (Pond 2).  Pond 2 water 
was pumped into a 5-acre facultative treatment and storage pond (Pond 3).  Pond 3 water 
was pumped into an Eco-reactor for chemical and biological treatment.  Grass was grown 
in the Eco-reactor and harvested periodically for feed.  Excess water was pumped to a 
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spray field west of Lamb Island Road.  Figure 1 illustrates the Site and the previous 
waste management system 
 
In 2000, Dames & Moore (D&M) conducted a waste management assessment (Dames & 
Moore 2000) on the Dairy including characterization of the serial waste storage ponds, 
HIAs, Eco-reactor and irrigation ditches as part of a closure plan. The primary 
phosphorus sources were identified as barn washwater, cow spray and runoff from HIAs 
and perimeter dike.  The D&M report includes a description of the Bion wastewater 
treatment system that was installed at the dairy.  The Bion system included treating 
wastewater in the settling ponds, as described above, and adding iron salts before the eco-
reactor.  The report analyzed different remedial alternatives with pros and cons, cost and 
time frame.  
 
The SFWMD Project Team developed recommendation for the reduction of phosphorus 
contaminated discharges from the former Lamb Island Dairy (SFWMD 2000).  The 
report included seven alternatives, listed below in order of their preliminary ranking by 
the District staff. 

1.  Construct contour terraces on the pastures to retain runoff, increase ET, and 
utilize for forage production. Collect runoff from the terrace closest to the slough 
and treat chemically. Incorporate soil amendments into the pastures to bind 
phosphorus in surface runoff and subsurface lateral flows; 
 
2.  Construct contour terraces on the pastures to retain runoff, increase ET, and 
utilize for forage production. Collect runoff from the terrace closest to the slough 
and land apply to the sprayfield. Incorporate soil amendments into the pastures to 
bind phosphorus in surface runoff and subsurface lateral flows; 
 
3.  Construct contour terraces on the pastures to retain runoff, increase ET, and 
utilize for forage production. Collect runoff from the terrace closest to the slough 
and treat chemically; 
 
4.  Construct contour terraces on the pastures to retain runoff, increase ET, and 
utilize for forage production. Collect runoff from the terrace closest to the slough 
and land apply to the sprayfield; 

5.   Construct a berm around the herd pastures to contain all surface runoff and 
chemically treat the runoff prior to discharge;  

6.   Construct a berm around the herd pastures to contain all surface water runoff 
and treat for phosphorus removal via a small STA or application of water to the 
sprayfield for nutrient uptake by forage grasses; and, 

7.   Construct a berm around the herd pastures and contain all surface runoff to 
prevent discharge to Cypress Slough.   
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Common to all of the alternatives listed above was the recommendation for in-situ 
bioremediation of the residual manure wastes contained in all of the existing ponds using 
anaerobic microbial enzymes.  According to the Dames and Moore report, in-situ 
bioremediation would be accomplished by consolidating all existing manure into one 
lagoon, the injection of the microbes/enzymes into this treatment area, and the periodic 
mixing of the waste materials to ensure adequate distribution of the microbes throughout 
the waste materials.  
 
 
4 REMEDIATION 
 
Site remediation is comprised of two basic components: 
 

1. Collection and  Treatment of Storm Water runoff to reduce off-site discharge 
of Total P; and, 

2. Treatment of onsite manure wastes contained in several ponds. 
 
Further discussion of remedial measures considered feasible for each of these two basic 
components is provided below.   The remedial treatment system is illustrated in Figure 2. 
 
4.1 Surface Water Runoff Collection and Wetland Treatment System 
 
In development of the draft 30% design the HSA Team considered both passive and more 
active treatment scenarios including (i) a gravity-fed only wetland treatment system, and 
(ii) a pump to return gravity drained storm water runoff to the wetland treatment system 
similar to the one proposed in (i), above. The effectiveness of these two remedial 
approaches was assessed based upon the following site remediation criteria or priorities1: 
 
  Rank   Description of Priority (or Criteria)1 
 

1. Degree of certainty in reducing phosphorus levels; 
2. Maintain agricultural productivity to harvest phosphorus from soil; 
3. Preserve value of land for agricultural productivity for financial return to District; 
4. Minimize time required to reduce phosphorus discharge concentration and loads; 
5. Minimize operating costs and complexity. 

 
1 (Alders et al 2000).  (Please note the criteria are ranked in order of stated relative 
importance to the SFWMD Project Team.  For instance, item 1 above, “degree of 
certainty in reducing phosphorus” was listed as the most important criteria ranked by the 
project team).   
 
Table 1 provides a comparison of the gravity-fed system to the treatment system 
requiring active pumping. A score was assigned to each treatment system for each of the 
5 site priority criteria established by the SFWMD as described above.  A score of (1) 
indicates the treatment system is better able to achieve the priority description than a 
score of (2).   
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Table 1 
Comparison of Storm Water Treatment Options  

Remediation Priorities Treatment System Alternative 
Priority (or 

Criteria) 
Priority Description Gravity-fed 

Drawback/Advantage  
(Resulting Score) 

Pump-fed 
Drawback/Advantage 

(Resulting Score) 
1 Degree of certainty in reducing 

P levels 
chance of dry-out of 
plant community 
during  

(2) 

supply the wetland 
treatment system with 
a relatively constant 
flow of water and 
reduce the chance of 
dry-out of the plant 
community  

(1) 
2 Maintain agricultural 

productivity to harvest P from 
soil 

lower land 
requirement  
43-acre storm water 
containment area  

(1) 

(2) higher land 
requirement  
117-acre storm water 
containment area 

(2) 
3 Preserve value of land for 

agricultural productivity for 
financial return 

Both treatment systems will equally preserve 
the value of the land for agricultural 
productivity (1) 

4 Minimize time required to 
reduce P discharge 
concentration and loads  

Performance estimate: 
~ 86.5 AF/yr 
treated  
~ 1.0 mg/L total-P 
discharge  
concentration 
~ 845 lb P 
removed 

(2) 

Performance 
estimate: 

~ 322 AF/yr 
treated 
~ 0.18 mg/L 
total-P discharge 
concentration 
~ 2758 lb P 
removed/ year 

(1) 
5 Minimize operating costs 

and complexity 
minimal operating 

costs and complexity 
(1) 

 
 

pumping station 
adds approximately 
$5,500/year 
operating costs and 
increases the 
complexity  

(2) 
A score of (1) indicates the treatment system is better able to achieve the priority 
description than a score of (2). 
 
A gravity-fed system will reduce the P load discharging from the farm and minimize 
operating costs and complexity therefore, achieving the project’s primary objectives. The 
storm water runoff will be collected and stored inside a containment berm around 
approximately 43-acres of the HIA and high P soils.  The collected runoff will flow by 
gravity to an onsite surface water collection and wetland treatment system.  A shallow 
terracing berm will be constructed around approximately 109-acres at the edge of farm.  
The terraced area will provide P load reduction through volume retention and detention. 
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Storm Water Runoff Collection System 
 
The approximate 43-acre surface water containment area will be created by constructing 
an earthen berm around the HIA and other high-P soils identified in the AgNMA (SWET 
2002).  The berms will be sized to contain at least the first two inches of storm water 
runoff.  An overflow structure will set the maximum water level within the bermed area 
before storm waters are allowed to discharge from the containment area.  The 
accumulated runoff will flow by gravity into the former eco-reactor for biological 
treatment.  Figure 2 illustrates the proposed containment area perimeter berm location 
and the AgNMA soil data (SWET 2002).  The proposed berm locations were chosen 
based upon capturing the runoff from high P soils and to use existing swales and 
depressions for water storage. 
 
Engineering and Applied Sciences (EAS) estimated the storm water runoff from the land 
located east of Lamb Island Dairy Road.  The SFWMD provided HSA with P data used 
in CREAMS-WT models previously run for the property.  The adICPR Model utilizing 
the Soil Conservation Service (SCS) Method was used to calculate runoff volume and 
peak discharges (EAS 2002).  For runoff calculation, the input data included hydrologic 
soil group, land use, Curve Number (CN), rainfall amount, and time of concentration. 
SFWMD rainfall distribution data were used.  The outputs of the adICPR runs, data 
sources and the runoff modeling calculations are included summarized in Appendix A.  
A monthly rainfall forecast was developed using the SCS Method and historical rainfall 
data included in the CREAMS-WT model for the Site.  Appendix A contains the 
estimated monthly runoff average and maximum volumes for a 10 year period of record.  
The maximum monthly runoff volume is 40.9 mgal (125.6 AF).   
 
The containment area top of berm (TOB) elevation will be approximately two feet above 
grade (elevation 44 feet).  The water depth will be maintained at an average of one foot 
above grade (elevation 43 feet) with a one foot freeboard provided.  The berm height will 
vary depending on the existing original ground elevation and the berm dimensions will be 
approximately two feet wide at the top with 3:1 side slopes.  The containment area will 
store up to approximately 43 acre-feet (53,070 m3) of storm water runoff.  Figure 3 
illustrates a typical berm and ditch cross section. 
 
Ditches will convey the runoff to the northern side of the eco-reactor and a riser culvert 
will be installed to deliver storm water to the wetland treatment system.  Approximately 
2,700 linear feet (LF) of containment berms will be constructed on the Site.   
 
A shallow terracing berm will also be constructed along the eastern and southern sides of 
the property and the storm water will pond in an approximate 109-acre terraced area 
and/or flow by gravity to the discharge site (see Figure 1).  A new riser culvert will be 
installed upstream of the discharge site to manage the runoff from the terraced area and to 
maximize the volume retention in the terraced area.  Collection of storm water within the 
terracing berm will reduce the P discharging from the property and minimize direct storm 
water runoff off site allowing for monitoring of the entire property east of Lamb Island 
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Road at one location, the KREA 44 sampling site.  Approximately 5,000 linear feet (LF) 
of terracing berms will be constructed on the Site.   
 
The terracing berm will be constructed by excavating a shallow swale less than 1.5 feet 
deep and placing the material in an adjacent berm down gradient, thus creating a 
terracing effect.  The berm will be constructed in the location of an existing swale.  
Retention of the additional storm water on site will reduce the amount of P now being 
discharged directly off site during major storm events.  The terraced area will store up to 
54.5 acre-feet (67,260 m3) of storm water runoff 
 
Wetland Treatment System 
 
The overall goal of the treatment system is to reduce P discharging from the Site.  As 
indicated above, the wetland treatment system design includes collection of storm water 
within the 43-acre containment area.  From the containment area, the water will flow by 
gravity to the existing eco-reactor pond.  Within the eco-reactor a total of four discrete 
cells will be maintained and the water will flow in series from one cell to the other.  
Water will then flow by gravity into an existing swale prior to discharge off the property 
boundaries (see Figure 2).  Wetlands Solutions, Inc. (WSI) provided an estimate of the 
likely performance of a system of ponds and the eco-reactor for P reduction.  The WSI 
memorandum is included in Appendix B.  This preliminary information was used to 
estimate the performance of the wetland treatment system. 
 
The wetland treatment system area is comprised of approximately 18.5 acres as detailed 
below. 
 

• Eco-reactor Tank 1 (1.38 acres); 
• Eco-reactor Tank 2 (1.12 acres); 
• Eco-reactor Tank 3 (0.98 acres); 
• Eco-reactor Tank 4 (3.01 acres); and, 
• Existing swale (12 acres). 

 
Water levels in the eco-reactor cells and swale will be maintained at depths of 12 to 18 
inches using new riser culverts as internal water control structures.  It is anticipated that 
emergent vegetation such as cattails will be established (volunteer growth) within the 
eco-reactor cells and within the boundary of the existing swale.  Figure 4 illustrates the 
hydraulic profile for the treatment system. 
 
The resulting outflow total P concentration from the proposed wetland treatment system 
is estimated to be less than 1.0 mg/L.  The treatment system will reach optimum 
performance in approximately 12 – 18 months during which time emergent vegetation 
will become established.  Using an influent total P concentration of 3.3 mg/L and an 
outflow total P concentration of 1.0 mg/L, the wetland treatment system will reduce the 
total P load by approximately 70%.  Additional P load reduction is expected through 
volume retention in the terraced area. 
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Using the above described wetland treatment system performance estimates, the wetland 
system will remove approximately 845 pounds (384 kg) of P per year.  The removal 
assumes treating 37.2 inches (3.1 feet) of accumulated storm water runoff per year (EAS 
2002) in the 43-acre containment area and is calculated by: 
 
Influent P (lb) = 43 acres × 3.1 feet × (0.326 mgal/AF) × 3.33 mg/L × 8.34 lb/AF mgal 

= 1207 lb P   
 
Effluent P (lb) = 43 acres × 3.1 feet × (0.326 mgal/AF) × 1.0 mg/L × 8.34 lb/AF mgal 
  = 362 lb P 
 
Removed P (lb) = 1207 lb – 362 lb 
    = 845 lb P 
 
Staff gages will be installed at the discharge end of each eco-reactor cells and swale and 
the water heights will be recorded manually during routine monitoring events.  The 
wetland system will be operated to maximize the internal storage and increase the 
hydraulic retention time to optimize on-site P assimilation and retention.   
 
4.2 Treatment of Residual Manure Wastes 
 
The land application area and the affect of applying high P waste on Site soils were 
discussed during the project Kick-Off Meeting.  The concept of applying waste on the 
fields located west of Lamb Island Road was discussed.  It was agreed that rather than 
applying the waste to low P soils on the west side of the Site, the waste will be applied to 
the high-P soils within the proposed containment area.  Any storm water runoff produced 
after the waste application will be contained and treated. 
 
HSA with technical assistance from General Chemical Corporation completed bench 
scale treatability studies to determine the effectiveness of alum treatment on P 
concentrations in pond waste, storm water, and soil at the Site.  Appendix C contains the 
alum treatment treatability study worksheets and field notes. 
 
HSA reviewed the sampling and survey data recently collected at the Site by the District.  
Based upon these data, a majority of the P containing waste existing at the Site is located 
in Pond 1.  Up to 8,500 cubic yards (CY) of waste is contained in Pond 1, while Pond 2 
and Pond 3 contain up to 1,500 CY and 4,325 CY, respectively.  The waste located in 
Pond 3 is present in a very thin layer and it would be difficult and very costly to 
completely dewater this pond and remove the waste materials.  Therefore, the manure 
waste alternatives only describe management of the waste in Pond 1 and Pond 2.  
Following are estimates of the amount of manure, total P, and total nitrogen (N) in Pond 
1 and Pond 2. 
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Pond 1 
 
The volume of waste contained in Pond 1 is approximately 8,500 CY.  Assuming one 
cubic yard of wet manure waste is equal to 1,700 pounds (URS 2000), the weight of the 
residual solids in Pond 1 is approximately 6,600,000 kg.  Based on the District data 
provided for Pond 1 solids, the average total P concentration is 3,012 mg/kg, the average 
total nitrogen (N) concentration is 20,000 mg/kg, and the average percent moisture is 
71%.   
 
The estimated amount of P in Pond 1 is: 
 

= [(6.6*106 kg) × (3,012 mg/kg) × (0.29) × (1 g/1,000 kg) × (1 lb/ 454 g)] 
= 12,700 lb P 

 
The estimated amount of N in Pond 1 is: 
 

= [(6.6*106 kg) × (20,000 mg/kg) × (0.29) × (1 g/1,000 kg) × (1 lb/ 454 g)] 
= 84,320 lb N 

 
Pond 2 
 
The volume of waste in Pond 2 is approximately 1,500 CY.  The weight of the residual 
solids in Pond 2 is approximately 1,200,000 kg.  Based on the District data provided for 
Pond 2 solids, the average total P concentration is 4,290 mg/kg, the average total nitrogen 
(N) concentration is 48,595 mg/kg, and the average percent moisture is 62%.   
 
The estimated amount of P in Pond 2 is: 
 

= [(1.2*106 kg) × (4,290 mg/kg) × (0.38) × (1 g/1,000 kg) × (1 lb/ 454 g)] 
= 4,310 lb P 

 
The estimated amount of N in Pond 2 is: 
 

= [(1.2*106 kg) × (48,595 mg/kg) × (0.38) × (1 g/1,000 kg) × (1 lb/ 454 g)] 
= 48,810 lb N 
 

The HSA Draft Preliminary 30% Design report proposed chemical amendment and land 
application of the residual manure waste.  After further consideration and discussions  
with dairy waste management experts included on the HSA team, it has been suggested 
that the most cost effective waste management option that will also meet the other stated 
objectives of the remediation project consists of chemically amending the manure with 
alum and leaving the materials in-place without subsequent land spreading.  Leaving the 
amended solids in their current location has several advantages: 
 

• It eliminates the costs of hauling and disposing the materials to another 
location on or  off the farm;   
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• It eliminates constraints  and concerns relative to identified  nitrogen (N) and 
P aerial land application rates (unless applications are planned to be 
incremental over an extended period of time for over three years); and 

• After the solids are amended with alum the P will be immobilized making it 
immaterial whether the materials are moved to cropland or left in place.   

 
Groundwater monitoring will be performed after chemical amendment to determine the 
groundwater quality in the area around the lagoons. 
 
A more detailed description of this recommended option plus additional waste 
management alternatives evaluated for the dairy wastes are described below. 
 
Alternative 1.  Chemical Amendment and On-site/In place Disposal 
 
Chemical treatment of the waste material and leaving the materials in-place is an 
attractive alternative due to the low cost.  The waste materials in Pond 2 would be 
pumped into Pond 1 and pumps or a backhoe would be used to further slurry or mix the 
waste.  Liquid alum would be carefully metered into the slurry and the waste would be 
further mixed to provide adequate solids contact.  After chemical amendment dewatering 
and consolidation, Pond 1 and Pond 2 would be backfilled with native fill material. 
 
HSA, with technical assistance from General Chemical Corporation, completed bench 
scale treatability studies to determine the effectiveness of alum treatment on P 
concentrations in pond waste.  Appendix C contains the details of alum treatability study 
worksheets and field notes.  The treatability studies showed that the chemically treated 
waste contained negligible concentrations of soluble P.   
 
Alternative 2.  In-Situ Bioremediation 
 
In-situ bio-remediation uses microbial enzymes to reduce the solids and nutrients 
concentrations in the  waste material.  Bio-remediation is a largely unproven technology 
with most of the reference material available from bench-scale and pilot scale studies.  In 
this approach, the waste material would be accumulated in Pond 1 and a dry powder 
bacterial product would be added to the material.  The material would be mixed and 
agitated.  Subsequent bacterial doses would be applied weekly and the waste would be 
routinely agitated until the solids and/or nutrient concentrations have been sufficiently 
reduced.  The  treatment time for bioremediation is estimated from a minimum of 90 days 
to one year or potentially longer. 
 
Vendors report up to a 60% reduction in total volatile solids and 60% - 80% reduction in 
nutrient (nitrogen) concentrations.  A treatability study would need to be completed to 
determine the effectiveness of the microbial product and to estimate the remedial 
treatment time if this alternative were to be pursued.  The dairy waste management 
experts on the HSA team have discouraged the use of this type of bioremediation on this 
project.  Due to experts’ advice and the unknowns associated with this alternative, 
bioremediation does not appear to be viable for the following reasons: 
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•  The treatment time for microbial enzyme bioremediation is estimated from a 

minimum of 90 days to one year or potentially longer.  This time period is much 
longer than the other proposed alternatives; 

• Microbial enzyme bio-remediation is a largely unproven technology for treating 
dairy wastes in the prescribed manner with most of the reference material 
available from bench-scale and pilot scale studies; and, 

• Bio-remediation treatment would not achieve any reduction of P, the key nutrient. 
 
Testing is planned to further investigate bioremediation at the site.  Alternative waste 
management alternatives will be presented, if necessary, in subsequent design documents 
for comment by the Interagency team. 
 
Alternative 3. Chemical Treatment and Land Application  
 
The residual solids would be removed from Pond 1 and treated with alum prior to land 
application to produce a mixture with essentially no soluble P.  The solids in Pond 1 
would be mixed into a slurry and pumped into tanker trucks.  Existing pond water would 
be used as make-up water, as necessary, to slurry the waste.  Alum would be added to the 
waste at a rate of approximately 3240 milligrams of alum per liter of waste.  The 
chemically amended solids would then be applied uniformly over the available land.    
 
The relatively small quantity of residual solids in Pond 2 is present in thin layers and it 
would be difficult and costly to remove these solids in the manner proposed for Pond 1.  
The alternate Pond 2 proposed treatment technique is to first pump Pond 2 water into 
Pond 3.  The remaining residual solids in Pond 2 would dry-out and then Pond 1 and 
Pond 2 would be backfilled with native fill material. 
 
As calculated above, there are approximately 12,700 lb of P and 84,320 lb N in Pond 1.  
Based on application rates of 60 lb P per acre and 160 lb N per acre the following land 
areas are required for land application. 
 
Phosphorus: 12,700 lb P ÷ 60 lb P/ acre 
  = 212 acres 
 
Nitrogen 84,320 lb N ÷ 160 lb N/ acre 
  = 527 acres 
 
The land application strategies and the effect of applying nutrient rich waste on Site soils 
were discussed during the project Kick-Off Meeting.  The concept of applying waste on 
the fields located west of Lamb Island Road was also discussed.  It was agreed that rather 
than applying the waste to low P soils on the west side of the Site, the waste would be 
applied on the land located on the east side of Lamb Island Road.  The waste would be 
evenly applied to the soils within the 152-acre containment area during multiple 
applications for a period of approximately 3.5 years (527 acres required ÷ 152-acre 
containment area).  The application period would be reduced if the material was also 
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spread over cropland located west of Lamb Island Road. Multiple applications will 
increase costs by re-mobilizing lagoon cleaning and land spreading equipment. 
 
The treatability stud ies showed that the chemically treated waste contained negligible 
concentrations of soluble P.   The treatability studies conducted also indicated that an 
additional 20-25% reduction in available soil P would result from the application of the 
chemically amended waste (see Appendix C).  The application of amended wastes would 
provide an added benefit of reducing leachable P concentration from the soil after 
application. 
 
Alternative 4. Off-Site Landfill Disposal 
 
Excavation and disposal of the waste materia l at a landfill is an attractive alternative due 
to the almost immediate cleanup timeframe.  The disadvantage is the cost associated with 
material transportation and disposal.  Another potential drawback is the message this 
waste management alternative sends to other land owners in the watershed that the 
preferred waste management alternative is to transport their waste to another location for 
disposal. 
 
Waste Management Alternatives Evaluation 
 
The waste management alternatives were evaluated based upon the following site 
remediation priorities, listed in no particular order: 
 

• Degree of certainty in reducing P levels; 
• Time required for treatment; and, 
• Estimated cost for implementation. 

 
Table 2 provides a comparison of the waste management alternatives and a scoring based 
on the ability of each treatment system to achieve the remediation priorities listed above.  
A score of (1) indicates the treatment system better able to achieve the priority 
description than a higher score of (2). 



 
Table 2 

Comparison of Waste Treatment Options  
Waste Treatment Option 

Criterion Alum amendment and 
disposal in-place 

Alum amendment and 
land spreading 

Microbial enzyme bio-
remediation 

Off-site disposal 

Degree of certainty in 
reducing P levels 

(1) chemical amendment 
will immediately reduce 
P concentration 

(1) chemical amendment 
will immediately reduce 
P concentration 

(2) Uncertain P 
reduction 

(1) Immediate P 
reduction by removing 
waste from the site 

Time required for 
implementation 

(1) 0-2 weeks (3) multiple applications 
over 3.5 years 

(2) 90 days to 1 year (1) 0-2 weeks 

Cost estimate (1) $20,000 (3) $93,200 (2) $47,000 (4) $290,000 
A score of (1) indicates the treatment system is better able to achieve the priority description than a score of (2). 
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The recommended alternative for the remediation of the wastes contained in the onsite 
ponds is to chemically amend with alum and dispose of in place.  
 
As part of the remediation measures planned for the wastes solids, the water columns in 
ponds 2 and 3 overlaying the waste materials will be chemically treated with alum.  In 
addition, the old borrow pit/ cooling pond at the southeast area of the property will be 
treated with alum.  Storm water treatment using alum is a cost effective method for 
immediate P reduction in standing water and since ponds 2 and 3 and the cooling pond 
contain total P concentrations in the range of 4 to as high as 10 mg/l P, they are strong 
candidates for alum treatment.   
 
Treatability studies completed by General Chemical and HSA have determined that a 
maximum alum dosage of about 1000 mg/L will be required.  A boat carrying a drum of 
concentrated alum and associated pumps will be used to add alum into the water column.  
Alum will be carefully metered at a predetermined rate during application on a pre-
established grid to evenly apply the alum to the water surface.  The produced floc will 
settle, incorporate into the pond sediment and the resulting soluble P in the water column 
will be negligible.  Treating the pond water with alum will also enhance inactivation of 
the P in the pond sediments.  Based on the District survey data, approximately 32 mgal 
will need be treated (4.32 mgal in Pond 2, 26.9 mgal in Pond 3, and 0.80 mgal in cooling 
pond).  Pond water treatability study details and supporting data are included in 
Appendix C. 
 
Numerous studies have been conducted using alum residuals to reduce nutrient runoff 
from agricultural land treated with animal manures.  One study concluded that land 
application of alum residuals provides a safe and inexpensive solution to reduce nutrient 
runoff from agricultural land (Basta and Storm, 1997).  The phosphate mineral that forms 
after soils are amended with aluminum sulfate (alum) are not expected to later dissolve  if 
the soil becomes acidic (Moore et al., 1998).  Studies have been conducted which tested 
the phosphorus availability in soils amended with water treatment residuals (WTR) 
derived from water treatment with aluminum and iron salt coagulants.  One such study 
concluded that P concentrations on agricultural land can be rapidly reduced by 
application of WTR.  Reduction of extractable and soluble P concentrations should 
reduce the amount of P that is transported from a field in runoff or leachate (Hyde and 
Morris, 2000).  These references and others are available on request. 
 
Limited reference material is available on using alum in dairy lagoons, but experiments 
have been conducted by the Texas Agricultural Experiment Station.  Poster presentations 
by Mr. Ron Jones of the Texas Agricultural Experiment Station are available on his web 
site at the following locations:  

 
http://stephenville.tamu.edu/~rjones/poster.htm  
http://stephenville.tamu.edu/~rjones/2000poster.htm  
http://stephenville.tamu.edu/~rjones/2001poster.htm 
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Mr. Jones also published a paper at the American Society of Agricultural Engineers 
(ASAE) symposium held in 2000 in Des Moines, Iowa (Jones, R.M. and S.P. Brown.  
Chemical and settling treatment of dairy wastewater for solids separation and phosphorus 
removal, pp. 132-141, Proceedings of the Eighth International Symposium on Animal, 
Agriculture and Food Processing Wastes.).   
 
The existing settling ponds (Ponds 1, 2, and 3) will not be used in the revised 
storage/treatment system.  The remedial activities proposed include removal of the 
manure waste from Pond 1 and Pond 2.  These areas will be graded and included in the 
surface water containment area.  According to the AgNMA prepared for the Lamb Island 
Dairy (SWET 2002), this pond cleaning procedure will meet the NRCS requirements for 
waste pond closure. 

 
4.3 HIA Perimeter Ditch 
 
A perimeter ditch and dike were constructed to collect runoff and shallow groundwater 
from the HIAs.  The ditch system consists of seven small ponds connected by culverts.  
The AgNMA recommended that the small quantity of waste manure existing in the 
ditches should be buried in-place (SWET 2002).  After the culverts are removed, the 
ditches will be backfilled and graded and included in the surface water containment area.   
 
4.4 Cropping 
 
HSA agrees with the recommendations from the SFWMD to negotiate cropping leases 
for the property.  Cropping should begin after construction of Phase I remedial activities 
is completed. The most likely crop is hay which can be readily utilized by local dairy 
operations.  Hay leases will be managed by the SFWMD and will specify the types of 
grasses and will provide for exotic species control and eradication practices. 
 
 
5 SCHEDULE 
 
The remedial alternatives recommended will not cause any changes to the project 
completion schedule previously proposed.  A copy of the Project Completion Schedule is 
included in Appendix D.  Phase I construction activities will be completed by September 
2003 and monitoring will continue through September 2004. 
 
 
6 PERMITTING 
 
In accordance with section 373.406 (9), F.S., the SFWMD and the FDEP are authorized 
to exempt, from Environmental Resource Permitting, certain activities, conducted on 
agricultural lands, that are determined to be primarily for the purpose of environmental 
restoration or water quality improvement with only minimal or insignificant cumulative 
adverse impact.  Projects may be exempted from Environmental Resource Permitting for 
construction of structures on public of privately owned land for retaining or treating 
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water on such land for the primary purpose of environmental restoration or water quality 
improvement on agricultural lands.   
 
 
7 MONITORING 
 
HSA proposes collecting the following samples during implementation of the remedial 
alternative: 
 

1. Raw residual manure solids and chemically treated solids; 
2. Raw pond water and chemically treated pond water samples (Pond 3 and 

cooling pond);  
3. Groundwater samples from the existing monitor well; and, 
4. KREA 44 surface water samples, if available. 

 
The samples will be analyzed for total P, soluble P, and total aluminum.  The analytical 
data will be used to estimate the load reduction after chemical treatment and provide 
recent baseline data (groundwater and KREA 44) before treatment system start-up.   
 
After construction, site visits will be conducted on a bi-weekly basis to monitor the 
performance of the wetland treatment system.  The proposed monitoring plan will not 
include monitoring storm water run off from the farm west of Lamb Island Road and land 
outside the treatment system.  Surface water samples will be collected at the KREA 44 
location whenever a site visit corresponds with runoff at the monitoring site.  
Groundwater samples will be collected quarterly.  The samples will be analyzed on-site 
for water quality parameters (DO, temperature, conductivity, pH, turbidity) and submitted 
to for laboratory analysis for total P, soluble P, and total aluminum.   
 
 
 
The following activities will be completed during each monitoring visit: 
 

• Inspect the berms and water controls structures; and, 
• Record the water level at control structures, in the ponds, and in the eco-reactor. 

 
 
8 COST ESTIMATE  
 
The cost estimate included in the draft 30% design was for a more active remedial 
approach using a pump station to deliver storm water to the wetland treatment system.  
The following costs are associated with a passive scenario, where storm water is gravity-
fed to the wetland treatment system.  Table 3 summarizes the cost estimate calculations.   
 
These costs will be further evaluated and detailed further in the Detailed 90% Design 
Package. 



TABLE 3
Lamb Island Dairy

Remedial Activities Cost Estimate
Date: 01/13/2003(R)
Prepared by: T. Horan
Checked by: T. Emenhiser
Ref #: 8005.7106.00
Project Name: Lamb Island Dairy

II. EXPENSES
Description Rate Unit # units Total

Containment area
Berms

Perimeter berm/ditches (0-2 ft) 12.50$             LF 2700 33,750$                  
Shallow terracing berm (< 1.5 feet) 1.75$               LF 5000 8,750$                    

Subtotal 42,500$                  

Manure waste management
Labor and equipment 15,300.000$    L.S. 1 15,300$                  
Chemical treatment

Alum 0.54$               gallons 8719 4,700$                    

Subtotal 20,000$                  

Pond Water
Treat the existing water column ponds

Alum  cost (Ponds 2 and 3) 200.000$         mgal 31.2 6,240$                    
Cooling pond 200.000$         mgal 0.8 160$                       
Mixing alum into water column 15,000.00$      L.S. 1 15,000$                  

Subtotal 21,400$                  

Treatment system
Install/ repair berms and water control 
structures 25,000.00$      L.S. 1 25,000$                  

Subtotal 25,000$                  

HIA Perimeter Ditch
Dewater and grade 5,000.00$        L.S. 1 5,000$                    
Subtotal 5,000$                    

Monitoring stations
Develop monitoring station 5,000.00$        L.S. 1 5,000$                    
Subtotal 5,000$                    

SUBTOTAL 118,900$                

CONSTRUCTION CONTINGENCY (20%) 23,800$                  

ADDITIONAL SERVICES
Surveying

Survey ditch and berm area/ elevation 750.00$           day 2 1,500$                    

Analytical services

Total and soluble P analysis of samples 
collected during implementation (3 pre and post 
treatment samples for each medium + QA/QC) 20.00$             sample 75 1,500$                    

Subtotal 3,000$                    

Page 1of 2



TABLE 3
Lamb Island Dairy

Remedial Activities Cost Estimate

TOTAL: 145,700$                

Phase II Alternatives
Storm water runoff chemical treatment system

Chemical treatment system (shed, tanks, 
piping, slab, metering pumps, etc.) 35,000.00$      L.S. 1 35,000$                  
Electrician (power drop, electrify pump and 
chemical treatment system) 2,500.00$        L.S. 1 2,500$                    
Chemical treatment system O&M 
(chemicals, replacement parts, electricity, 
etc.) 2,780.00$        year 1 2,780$                    

Subtotal 40,280$                  

Page 2of 2
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Surface Water Containment Area 
 
Berms - Approximately 2,700 linear feet (LF) of berms approximately two feet high will 
be constructed.  The estimated berm costs: 
 
= (2,700 LF * $12.50/LF) 
 
Cost = $33,750 
 
This cost is equivalent to approximately $0.80 per cubic foot of berm constructed. 
 
Shallow terracing – Approximately 5,000 linear feet (LF) of shallow terracing berm (less 
than 1.5 feet tall) will be constructed.  The estimated shallow terracing berm costs: 
 
= (5,000 LF * $1.75/LF) 
 
Cost = $8,750 
 
This cost is equivalent to approximately $0.25 per cubic foot of shallow terracing berm 
constructed. 
 
The total cost estimated to construct the surface water containment area is approximately 
$42,500. 
 
Manure Waste Management 
 
Costs have been provided below for the different manure waste management alternatives.  
The total project cost includes the costs associated with one manure management 
alternative, chemical amendment and on-site disposal.   
 
Chemical Amendment and On-site Treatment (Recommended Option) 
 
Chemical costs – Approximately 8,719 gallons of alum will be used at a unit rate of $0.54 
per gallon. 
 
Cost = $4,700 
 
The labor and equipment cost associated with chemical addition, periodic mixing, and 
monitoring is $15,300. 
 
The total cost estimated for chemical amendment and on-site disposal is approximately 
$20,000. 
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In-Situ Bioremediation (Evaluated but not Recommended) 
 
HSA obtained information related to microbial enzyme bioremediation from Desert 
Microbial Products and Mr. Bill Hughbanks, President, recommended an initial heavy 
dose of microbes ($2,000) followed by weekly maintenance doses with a heavier dose 
every fourth month ($1,000/ month).  The treatment time is estimated from 90 days to 
one year.  Using an average treatment time of 7.5 months the microbes cost are calculated 
by: 
 
$2,000 initial dose + (7.5 months treatment × $1,000/month) = $9,500 
 
The labor and equipment cost associated with the routine agitation of the waste material 
is approximately $5,000 per month.  Using an average treatment time of 7.5 months the 
labor/ equipment cost is $37,500 ($5,000 per month × 7.5 months). 
 
The total cost estimated for in-situ bioremediation is approximately $47,000. 
 
Chemical Treatment and Land Application (Not Recommended) 
 
A total of approximately 3.5 mgal of waste, including make-up water, will be removed, 
treated with alum, and spread onto the soils inside the containment area.  The material 
will be applied annually over a period of 3.5 years (i.e., total of 4 individual solids 
applications). 
 
Waste removal and land application – Approximately 3.5 mgal materials removed and 
land applied at a unit cost of $0.021 per gallon. 
 
Cost =  $ 73,500 
 
Chemical costs – Approximately 8,719 gallons of alum will be used at a unit rate of $0.54 
per gallon. 
 
Cost = $4,700 
 
The remaining storm water from Pond 2 will be pumped into Pond 3 for pond water 
chemical treatment.  The residual solids in Pond 2 will be allowed to dry-out and will be 
land applied.  These costs will be elaborated upon approval of this approach.  A 
budgetary allowance of $15,000 has been used for these tasks. 
 
The total cost estimated for waste removal, alum treatment, and land application is  
$ 93,200. 
 
Off-Site Landfill Disposal (Evaluated but not Recommended) 
 
Excavation and disposal of the waste material at a landfill is an attractive alternative due 
to the almost immediate cleanup timeframe.  The disadvantage is the cost associated with 
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transportation and disposal and the material may not be dry enough to be accepted by the 
landfill.   
 
Based upon the Dames & Moore report (URS, April 10, 2000) the cost for excavation, 
transportation, and disposal at a local landfill is approximately $40 per ton.  The waste 
material remaining in Pond 1 is calculated by: 
 
8,500 yd3 × (1,700 lb/yd3) × (1 ton/1,000 gallons) = 7,225 tons 
 
The cost estimated for excavation and off-site disposal is approximately $290,000 
($40/ton × 7,225 tons). 
 
Pond Water 
 
Ponds 2 and 3 contain a total of approximately 31.2 mgal of storm water.  An additional 
0.80 mgal of storm water is present in the former animal cooling pond located near the 
discharge site.  This results in a total volume of approximately 32 mgal gallons of pond 
water to be treated. The chemical cost to treat the storm water with alum ($200/mgal) is 
approximately $6,400.  The cost to use a boat and storage tanks and meter the chemical 
into the water column is approximately $15,000. 
 
Cost = $21,400 (labor included) 
 
Wetland Treatment System 
 
The berms in the eco-reactor will be refurbished, as necessary, and water control 
structures will be installed to maintain the hydraulic profile previously discussed.  A 
water control structure will also be installed upstream of the discharge site to manage the 
storm water in the terraced area.  The condition of the existing berms and control 
structures will be investiga ted and exact costs will be detailed in the Detailed 90% Design 
Package.  A budgetary allowance for these items is approximately $25,000. 
 
HIA Perimeter Ditch 
 
The culverts will be removed and disposed and the ditches will backfilled and graded and 
included in the surface water containment area.  A budgetary allowance of approximately 
$5,000 has been made for these services.  
 
Monitoring Stations  
 
The proposed monitoring station will be further developed with excavation and/or water 
control structures, as necessary.  The scope of these services will be detailed in the 
Detailed 90% Design Package.  A budgetary allowance of approximately $5,000 has been 
made.  
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Additional Professional Services 
 
Surveying services ($1,500) will be required during lay-out and construction of the berm, 
ditches, overflow and water control structures.  Analytical services ($1,500) will be 
required to analyze samples collected during implementation of the remedial alternatives.   
 
Cost = $3,000 
 
Total Cost Estimate (Recommended Remediation Activities)  
 
The cost estimate to implement the remedial activities including: 
 

1. Construction of a containment berm around 43-acres of high P soils and a 
shallow terracing berm around 109-acres at the edge of farm to collect and 
store runoff; 

2. Pond 1 and Pond 2 waste solids treatment with alum and  in-place 
containment; 

3. Backfilling the perimeter ditch; and, 
4. Surface water collection and wetland treatment. 

 
is approximately $145,700, as described below. 
 
Construction Costs    $118,900  
20% Construction Contingency Cost  $  23,800 
Additional Professional Services  
(surveying, analytical, and permitting) $  3,000 
 
Total      $145,700 
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APPENDIX A 
 

RUNOFF MODELING CALCULATIONS 



Table 1
Run off Estimation Summary

Area No. 1 2 3
Area Name Containment Area Outside Containment Area Treatment Area

Drainage Area (acres) 116.7 106.8 22.4
Rainfall - 10 year - 24 hour (in) 8.00 8.00 8.00

Storm duration (hr) 24 24 24
10-Yr, 24-hr runoff volume (in) 6.7 6.68 7.76

10-Yr, 24-hr runoff volume (ft^3) 2830533 2590140 630785
10-Yr, 24-hr runoff volume (cfs) 304.8 299.78 37.85

10-Yr, 24-hr runoff volume (mgal) 21.2 19.4 4.7
10-Yr, 24-hr runoff volume (AF) 64.9 59.4 14.5

Area water height (in) 21.6 21.6 18.6

Notes:
in = inches
hr = hour
ft^3 = cubic feet
cfs = cubic feet per second
mgal = million gallons
AF = acre feet



TABLE 2
Estimated Average and Maximum Monthly Runoff Volumes

CN S(max. soil storage) JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Avg. Monthly Rainfall (inches) 2.7 2.5 4.0 3.2 3.8 7.1 5.8 7.9 6.3 4.2 1.7 1.7

Runoff (inches)-Basin #1 - Contained 
Area 89 1.24 1.63 1.45 2.82 2.08 2.64 5.81 4.54 6.59 5.03 3.01 0.78 0.78

Runoff (inches)-Basin #2 - Outside of 
Contained Area 89 1.24 1.63 1.45 2.82 2.08 2.64 5.81 4.54 6.59 5.03 3.01 0.78 0.78

Runoff (inches)-Basin #3 - Treatment 
Area 98 0.20 1.41 1.24 3.77 2.97 3.57 6.86 5.56 7.66 6.06 3.96 1.48 1.48

Max. Monthly Rainfall (inches) 6.9 5.9 7.9 8.0 10.3 14.3 10.0 11.8 10.3 7.9 3.8 5.5
Runoff (inches)-Basin #1 - Contained 

Area 89 1.24 5.61 4.64 6.59 6.69 8.95 12.92 8.66 10.44 8.95 6.59 2.64 4.25
Runoff (inches)-Basin #2 - Outside of 

Contained Area 89 1.24 5.61 4.64 6.59 6.69 8.95 12.92 8.66 10.44 8.95 6.59 2.64 4.25
Runoff (inches)-Basin #3 - Treatment 

Area 98 0.20 5.37 4.40 7.66 7.76 10.06 14.06 9.76 11.56 10.06 7.66 3.57 5.26

CN S(max. soil storage) JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Avg. Monthly Rainfall (inches) 2.7 2.5 4.0 3.2 3.8 7.1 5.8 7.9 6.3 4.2 1.7 1.7

Runoff (ac-ft)-Basin #1 - Contained 
Area 89 1.24 15.86 14.15 27.45 20.24 25.63 56.46 44.17 64.08 48.88 29.28 7.63 7.63

Runoff (ac-ft)-Basin #2 - Outside of 
Contained Area 89 1.24 14.52 12.95 25.13 18.53 23.46 51.67 40.42 58.64 44.74 26.80 6.99 6.99

Runoff (ac-ft)-Basin #3 - Treatment 
Area 98 0.20 2.63 2.31 7.03 5.54 6.66 12.81 10.38 14.30 11.31 7.40 2.76 2.76

Max. Monthly Rainfall (inches) 6.9 5.9 7.9 8.0 10.3 14.3 10.0 11.8 10.3 7.9 3.8 5.5
Runoff (ac-ft)-Basin #1 - Contained 

Area 89 1.24 54.56 45.11 64.08 65.03 87.06 125.62 84.18 101.49 87.06 64.08 25.63 41.35
Runoff (ac-ft)-Basin #2 - Outside of 

Contained Area 89 1.24 49.93 41.28 58.64 59.51 79.67 114.96 77.04 92.88 79.67 58.64 23.46 37.85
Runoff (ac-ft)-Basin #3 - Treatment 

Area 98 0.20 10.03 8.22 14.30 14.49 18.78 26.24 18.22 21.58 18.78 14.30 6.66 9.82

* Runoff depth is calculated based on SCS method; Q=(P-0.2*S)^2/(P+0.8S) and S=(1000/CN-10).

* Runoff volume  is calculated based on SCS method; Volume=Q*Area/12
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Executive Summary 
This memorandum provides a preliminary evaluation of the efficacy of a system of 
treatment ponds and wetlands at the former Lamb Island Dairy in Okeechobee County, 
Florida. HSA Engineers and Scientists are in the process of developing a conceptual 
design for water quality remediation at the site to control off-site releases of total 
phosphorus (TP) and other pollutants.  

This memorandum provides an estimate of the likely performance of two ponds and four 
Eco-Reactor (constructed wetland) cells operating in series. Based on the assumptions 
used for this analysis, it is estimated that the annual average outflow TP from the 
proposed treatment train will be about 0.18 mg/L. The estimated hydraulic residence time 
in the system is about 120 days.  

There are numerous considerations for engineering design and operations and 
management that could affect actual performance of the proposed project.  All of the 
conceptual design and modeling performance assumptions used in this analysis should be 
verified and updated with site-specific information prior to and during final project 
design.  

Introduction 
This memorandum describes estimates of removal of TP from a proposed dairy 
remediation project in south Florida.  The Lamb Island Dairy property includes 808 acres 
in Okeechobee County, Florida, north of Lake Okeechobee. Water flows from this 
property into Cypress Slough and Chandler Slough. The property was owned and 
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operated as a dairy from about 1981 until 1994, when it was purchased by the South 
Florida Water Management District (District).  Beef cattle were kept on the property until 
about 1998. 

HSA Engineers and Scientists (HSA) has been retained to implement a TP remediation 
program on the former dairy site. HSA retained Wetland Solutions, Inc. (WSI) to provide 
estimates of water quality removals in natural treatment processes included in the 
remediation plan, including ponds and constructed wetland cells called “Eco-Reactors”.  
This memorandum describes the methods and results of WSI’s performance evaluation. 

This performance evaluation is based on existing information when available, and on 
assumptions when information is not yet complete.  As additional site-specific 
information becomes available during final design, the assumptions and conclusions 
detailed in this memorandum should be updated.  

The proposed remediation system consists of two ponds and four Eco-Reactor cells:  

• Pond 2 (2.21 ac) 

• Pond 3 (5.16 ac) 

• Eco-Reactor Tank 1 (1.38 ac) 

• Eco-Reactor Tank 2 (1.12 ac) 

• Eco-Reactor Tank 3 (0.98 ac) 

• Eco-Reactor Tank 4 (3.01 ac) 

for an estimated combined treatment area of about 13.9 ac. 

For the purposes of this evaluation it is assumed that the ponds will be relatively free of 
vegetation due to their depth (6 and 16 feet for Ponds 2 and 3, respectively) and that the 
Eco-Reactor cells will be maintained with relatively shallow water depths (12 to 18 
inches) so they will be covered with a full stand of emergent vegetation such as cattails. 

Methods 
Historical records have been used as the basis to anticipate future flows and constituent 
mass loads to the remediation project. An annual average inflow of 1,090 m3/d (200 gpm) 
was provided to WSI by HSA. The annual average inflow TP was taken from long-term 
water quality data gathered by the District and is assumed to be 3.33 mg/L. A mass 
balance spreadsheet was been developed to illustrate the estimated flows and loads to 
each of the project components.  

Annual average water balances for each of the 6 project components were estimated 
based on long-term average rainfall from SWET (2002) of 51 in/yr and estimated 
evapotranspiration (ET) of 54 in/yr based on pan evaporation data from Station ID 
858950 (NCDD, 1995) and a pan factor of 0.70 from Kadlec and Knight (1996) for 
treatment wetlands.  

Pond removal performance was estimated using the average TP mass removal efficiency 
for wet detention ponds published by Harper (1995). This method assumes 65% mass 
reduction on an annual average basis. The k-C* model of Kadlec and Knight (1996) was 
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used for estimating performance of the Eco-Reactor cells. Model parameters for surface-
flow, marsh wetlands were used in this model. 

Results 
Exhibit 1 summarizes the performance assessment for the proposed Lamb Island Dairy 
project. Appendix Tables A-1 through A-6 provide detailed flow and mass balance 
estimates for each cell in the treatment train. Based on the methods and assumptions 
described above, the two ponds are expected to reduce the annual average concentration 
of TP from 3.33 to 0.41 mg/L with a nominal hydraulic residence time of about 109 days.  
The Eco-Reactor is expected to further reduce this annual average TP concentration to 
about 0.18 mg/L, following an additional nominal detention time of 11 days. Flow is 
expected to decrease slightly based on long-term average climatic conditions from about 
1,090 to1,077 m3/d (200 to 198 gpm). 

The methods employed in this analysis do not provide estimates of associated uncertainty 
in these estimates. However, the analysis was rerun with the more optimistic and 
pessimistic pond removal rates proposed by Harper (1995) and updated TP k-C* model 
parameters summarized by Knight (1999). Based on these observed performance values, 
it appears that a reasonable range of average estimates around the final pond performance 
estimate of 0.41 mg/L is 1.3 to 0.10 mg/L and a reasonable range around the wetland 
performance estimate of 0.18 mg/L is 0.26 to 0.04 mg/L.   

Other Considerations 
Actual flows and loads to the proposed remediation system are likely to be variable due 
to periodic rainfall and seasonally-varying ET rates. These flow and mass load variations 
are likely to result in variable system performance.  In addition, higher flows may result 
in hydraulic head loss differences and time-varying water depths in the ponds and 
wetland cells. Excessive water depths in the wetland cells may affect plant community 
structure and ultimately, treatment performance.  For this reason a hydraulic profile for 
system water control structures and cell configurations over the range of possible flow 
rates must be evaluated during system design. 

Pond/open water areas are not as effective as densely-vegetated emergent wetlands for 
TP removal (Kadlec and Knight, 1996). For these reasons it is important to insure that 
water depths will not exceed the growth requirements for the rooted macrophytes in the 
Eco-Reactor cells, resulting in significant areas of open water.  
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Wetland Solutions, Inc.

EXHIBIT 1
Lamb Island Dairy Conceptual Treatment Process Estimated Annual Average Performance

Raw Water Inflow (m3/d) = 1,090 TP In (mg/L) = 3.33

Unit
Area
(ac)

Depth
(m)

Detention 
Time
(d)

Cumulative 
Detention 
Time (d)

Qin

(m3/d)
Qdelta

(%)
TPin

(mg/L)
TPin

(lb/d)
TPin

(lb/ac/d)
TPrem

(%)
Pond 2 2.21 1.83 15 15 1,090 -0.19 3.33 8.00 3.62 65
Pond 3 5.16 4.88 94 109 1,088 -0.45 1.17 2.80 0.54 65
Eco-Reactor
   Tank 1 1.38 0.46 2 111 1,083 -0.12 0.41 0.98 0.71 16
   Tank 2 1.12 0.46 2 113 1,082 -0.10 0.35 0.83 0.74 13
   Tank 3 0.98 0.46 2 115 1,081 -0.09 0.30 0.72 0.73 11
   Tank 4 3.01 0.46 5 120 1,080 -0.27 0.27 0.64 0.21 31
Discharge --- --- --- --- 1,077 --- 0.18 0.44 0.15 ---

65%

rain (in/yr) = 51.0
ET (in/yr) = 54.4 k20 12

perc (in/yr) = 0 C* 0
θ 1.00

Note(s): k 12
Rainfall Period-of-Record: 1988-99  (SWET, 2002) Design temperature (Co): 25
Pan Evaporation Period-of-Record: 1956-93 Stn ID: 858950 (NCDD, 1995)

ET = Pan Evaporation * 0.7
a  Annual Average Florida wet detention pond load reduction (range 38-91%) from Harper, 1995.
b  Constructed surface flow treatment wetlands from Kadlec and Knight, 1996

Eco-Reactor 
Constructed Wetland 

Removals b
assumed TP load reduction for pond

Water Balance k-C* Model
Parameters

Pond Model Est. Removals a

Raw Water Pond 2 Pond 3

Tank 1Tank 2Tank 3Tank 4

Eco-Reactor
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Wetland Solutions, Inc.

APPENDIX A-1
Lamb Island Dairy Conceptual Treatment Process Estimated Annual Average 
Performance for Pond # 2

Parameter acres ft2 hectares m2

Area = 2.21 96,268 0.89 8,943

Parameter mgd gpm in/d in/yr m3/d cm/d m/yr
Qin = 0.288 200 4.8 1,752 1,090 12.2 44.5

Qrain = 0.008 5.8 0.140 51.0 31.7 0.355 1.295
QET = 0.009 6.2 0.149 54.4 33.9 0.379 1.382

Qperc = 0.000 0.0 0.000 0 0.0 0.000 0.000
Qout = 0.287 200 4.8 1,748 1,088 12.2 44.4

Parameter mg/L lb/d lb/ac/d kg/d kg/ha/d
TPin = 3.33 8.00 3.62 3.63 4.06

TPout = 1.17 2.80 1.27 1.27 1.42
TPrem = 2.16 5.20 2.35 2.36 2.64

TPrem (%) = 64.9 65.0 65.0 65.0 65.0

Notes:
65% assumed TP load reduction for pond

A - 1



Wetland Solutions, Inc.

APPENDIX A-2
Lamb Island Dairy Conceptual Treatment Process Estimated Annual Average 
Performance for Pond # 3

Parameter acres ft2 hectares m2

Area = 5.16 224,770 2.09 20,882

Parameter mgd gpm in/d in/yr m3/d cm/d m/yr
Qin = 0.287 200 2.1 749 1,088 5.2 19.0

Qrain = 0.020 13.6 0.140 51.0 74.1 0.355 1.295
QET = 0.021 14.5 0.149 54.4 79.1 0.379 1.382

Qperc = 0.000 0.0 0.000 0 0.0 0.000 0.000
Qout = 0.286 199 2.0 745 1,083 5.2 18.9

Parameter mg/L lb/d lb/ac/d kg/d kg/ha/d
TPin = 1.17 2.80 0.54 1.27 0.61

TPout = 0.41 0.98 0.19 0.44 0.21
TPrem = 0.76 1.82 0.35 0.83 0.40

TPrem (%) = 64.8 65.0 65.0 65.0 65.0

Notes:
65% assumed TP load reduction for pond

A - 2



Wetland Solutions, Inc.

APPENDIX A-3
Lamb Island Dairy Conceptual Treatment Process Estimated Annual Average 
Performance for Eco-Reactor Tank #1

Parameter acres ft2 hectares m2

Area = 1.38 60,113 0.56 5,585

Parameter mgd gpm in/d in/yr m3/d cm/d m/yr
Qin = 0.286 199 7.6 2,787 1,083 19.4 70.8

Qrain = 0.005 3.6 0.140 51.0 19.8 0.355 1.295
QET = 0.006 3.9 0.149 54.4 21.1 0.379 1.382

Qperc = 0.000 0.0 0.000 0 0.0 0.000 0.000
Qout = 0.286 198 7.6 2,784 1,082 19.4 70.7

Parameter mg/L lb/d lb/ac/d kg/d kg/ha/d
TPin = 0.41 0.98 0.71 0.44 0.80 k20 12

TPout = 0.35 0.83 0.60 0.37 0.67 C* 0
TPrem = 0.06 0.15 0.11 0.07 0.12 θ 1.00

TPrem (%) = 15.6 15.7 15.7 15.7 15.7 k 12

Model Parameters

A - 3
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APPENDIX A-4
Lamb Island Dairy Conceptual Treatment Process Estimated Annual Average 
Performance for Eco-Reactor Tank #2

Parameter acres ft2 hectares m2

Area = 1.12 48,787 0.45 4,532

Parameter mgd gpm in/d in/yr m3/d cm/d m/yr
Qin = 0.286 198 9.4 3,430 1,082 23.9 87.1

Qrain = 0.004 3.0 0.140 51.0 16.1 0.355 1.295
QET = 0.005 3.1 0.149 54.4 17.2 0.379 1.382

Qperc = 0.000 0.0 0.000 0 0.0 0.000 0.000
Qout = 0.286 198 9.4 3,427 1,081 23.8 87.0

Parameter mg/L lb/d lb/ac/d kg/d kg/ha/d
TPin = 0.35 0.83 0.74 0.37 0.83 k20 12

TPout = 0.30 0.72 0.64 0.33 0.72 C* 0
TPrem = 0.04 0.11 0.10 0.05 0.11 θ 1.00

TPrem (%) = 12.9 13.0 13.0 13.0 13.0 k 12

Model Parameters

A - 4
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APPENDIX A-5
Lamb Island Dairy Conceptual Treatment Process Estimated Annual Average 
Performance for Eco-Reactor Tank #3

Parameter acres ft2 hectares m2

Area = 0.98 42,689 0.40 3,966

Parameter mgd gpm in/d in/yr m3/d cm/d m/yr
Qin = 0.286 198 10.7 3,916 1,081 27.3 99.5

Qrain = 0.004 2.6 0.140 51.0 14.1 0.355 1.295
QET = 0.004 2.8 0.149 54.4 15.0 0.379 1.382

Qperc = 0.000 0.0 0.000 0 0.0 0.000 0.000
Qout = 0.285 198 10.7 3,913 1,080 27.2 99.4

Parameter mg/L lb/d lb/ac/d kg/d kg/ha/d
TPin = 0.30 0.72 0.73 0.33 0.82 k20 12

TPout = 0.27 0.64 0.65 0.29 0.73 C* 0
TPrem = 0.03 0.08 0.08 0.04 0.09 θ 1.00

TPrem (%) = 11.4 11.4 11.4 11.4 11.4 k 12

Model Parameters

A - 5
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APPENDIX A-6
Lamb Island Dairy Conceptual Treatment Process Estimated Annual Average 
Performance for Eco-Reactor Tank #4

Parameter acres ft2 hectares m2

Area = 3.01 131,116 1.22 12,181

Parameter mgd gpm in/d in/yr m3/d cm/d m/yr
Qin = 0.285 198 3.5 1,274 1,080 8.9 32.4

Qrain = 0.011 7.9 0.140 51.0 43.2 0.355 1.295
QET = 0.012 8.5 0.149 54.4 46.1 0.379 1.382

Qperc = 0.000 0.0 0.000 0 0.0 0.000 0.000
Qout = 0.284 198 3.5 1,270 1,077 8.8 32.3

Parameter mg/L lb/d lb/ac/d kg/d kg/ha/d
TPin = 0.27 0.64 0.21 0.29 0.24 k20 12

TPout = 0.18 0.44 0.15 0.20 0.16 C* 0
TPrem = 0.08 0.20 0.07 0.09 0.07 θ 1.00

TPrem (%) = 31.0 31.2 31.2 31.2 31.2 k 12

Model Parameters

A - 6



APPENDIX C 
 

BENCH SCALE TREATABILITY 
STUDY DATA 



Lamb Island Dairy Chemical testing September 25-26, 2002 
 
For testing of SRP used Hach Spectrophotometer and diluted 1ml sample in 100 ml DI 
Water. 
 
Pond 1 Testing Results: 
 
200ml pond 1 water 
µl of Alum P (mg/L 
Raw - 0 0.21 
60 0.03 
100 0.08 
150 0.04 
200 0.07 
250 0.05 
300 0 
60 - repeat 0.03 
 
 
Observations: 
 
60 µl – slight color change, little settling 
100 µl – floc throughout with tea color, slight settling 
150 µl – floc throughout, good settling, yellowish color 
200 µl – better settling weak tea color 
250 µl – Excellent settling weaker tea color, some suspended floc 
300 µl – Water clear total settling 
 
Re-run of pond 1 water sampling at 30, 60 and 100 µl of alum: 
 
µl of Alum pH P (mg/L 
30 7.09 0.26 
60 6.44 0.07 
100 6.82 0.14 
 
Observations: 
 
60 µl – Better settling at 60 µl almost clear 
100 – floc throughout with yellow color 
 
 
 
 



Pond 1 Sludge: 
 
50g of sludge was mixed with 200 ml water.  Each mixture was then mixed with a 
volume of alum below and allowed to settle for 45 minutes: 
 
µl alum pH  P (mg/L 
Raw sludge - 0 6.98 0.14 
100 5.84 0.03 
150 5.29 0.02 
200 4.82 0.05 
250 4.61 0 
300 4.43 0 
55  0.02 
 
Pond 2 Water: 
200 ml of pond 2 water was mixed with a volume of alum below and allowed to settle: 
 
µl alum pH P (mg/L 
Raw – 0 8.15 0.10 
30 7.51 0.01 
60 7.19 0.02 
100 7.09 0.02 
150 6.87 0 
200 6.55 0.02 
250 6.42 0.03 
60 – repeat  0.02 
 
 
Observations: 
 
30 µl – cloudy floc throughout slight settling 
60 µl – Larger particulate floc throughout, slight settling 
100 µl – very similar to 60, better clarity 
150 µl – clear top 2/3rds defined floc, visible settling 
200 µl – water clear, more settling 
250 µl – Larger, more floc on bottom 
 



Pond 2 Sludge: 
50 g of sludge was mixed with 200 ml of water.  Various volumes of alum shown below 
were mixed with each mixture of sludge. 
 
µl of alum pH P (mg/L 
Raw – 0 7.86 0.21 
100 6.85 0 
150 6.5 0 
 
Observations: 
 
100 µl – good settling, still cloudy 
150 µl – 250 µl – clear water total settling 
 
Results for treated sludge amended to soil 
 
 
50 g of sludge treated with 250µl of alum was amended to 250g of soil 
Results: 
 P (mg/L) 
 0.09 
 
100g sludge treated with 250µ of alum was amended to 500g soil and mixed with 400 ml 
of DI water. Results: 
 
 P (mg/L) 
 0.13 
 
50g of sludge treated with 55µ of alum was amended to 250g of soil: 
 
 P(mg/L) 
 0.14 
 
 
 
 



Raw Soil Analysis: 
 
10 g of soil was mixed with 100ml of DI water 
 
P - .02 mg/L 
P2O5 - .04 mg/L 
PO4 - .05 mg/L 
 
250g of soil was mixed with 200 g of DI water and allowed to filter through a Whatman 
25 filter for a few minutes and overnight. Results: 
 
 P (mg/L) 
Immediate 
sample 

0.08 

Overnight 
sample 

0.18 

 
HCA Amended soil Analysis: 
 
250 g of soil was amended with various amounts of  HCA(High Clay Aluminum) and 
mixed with 100 ml DI water. Results: 
 
Grams of HCA P (mg/L) 
2 0.11 
4 0.04 
8 0.07 
16 0.22 
 
Alum Amended soil Analysis: 
 
250 grams soil was amended with various amounts of alum below and mixed with 100 ml 
of DI water. Results: 
 
µl Alum added P (mg/L) 
60 0.05 
150 0.13 
250 0.13 
 



APPENDIX D 
 

PROJECT COMPLETION SCHEDULE 



ID Task Name Duration Start Finish
1 Detailed Design for Selected Alternatives 280 days Tue 08/27/02 Mon 09/22/03

2 1.1 Project kick-off meeting 1 day Tue 08/27/02 Tue 08/27/02

3 1.2 Draft Preliminary 30%  Design Package 8 wks Wed 08/28/02 Tue 10/22/02

4 1.3 Final Preliminary Design Package 4 wks Mon 02/24/03 Fri 03/21/03

5 1.4 Detailed 90% Design Package 8.2 wks Mon 03/24/03 Mon 05/19/03

6 1.5 Final Detailed Design & Specification Package 6 wks Tue 05/20/03 Mon 06/30/03

7 1.6 Construction Deliverables 12 wks Tue 07/01/03 Mon 09/22/03

8 Project Implementation & Performance Monitoring 300 days Tue 07/01/03 Mon 08/23/04

9 Site Construction 8 wks Tue 07/01/03 Mon 08/25/03

10 2.1 Draft Performance Monitoring Plan 2 wks Tue 07/01/03 Mon 07/14/03

11 2.1 Draft Performance Monitoring Plan - review period 4 wks Tue 07/15/03 Mon 08/11/03

12 2.2 Final Performance Monitoring Plan 2 wks Tue 08/12/03 Mon 08/25/03

13 Performance Monitoring 52 wks Tue 08/26/03 Mon 08/23/04

14 2.3 Quarterly Reports 241 days Mon 07/07/03 Mon 06/07/04

20 2.4 Quarterly Site Meetings 241 days Fri 07/04/03 Fri 06/04/04

26 Project Performance Evaluation 41 days Mon 07/26/04 Mon 09/20/04

27 3.1 Draft O&M Manual 4 wks Mon 07/26/04 Fri 08/20/04

28 3.2 Final O&M Manual 4 wks Mon 08/23/04 Fri 09/17/04

29 3.3 Draft Final Report 4 wks Tue 07/27/04 Mon 08/23/04

30 3.4 Final Project Report 4 wks Tue 08/24/04 Mon 09/20/04

August Septembe October November December January February March April
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Project Completion Schedule
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ID Task Name Duration Start Finish
1 Detailed Design for Selected Alternatives 280 days Tue 08/27/02 Mon 09/22/03

2 1.1 Project kick-off meeting 1 day Tue 08/27/02 Tue 08/27/02

3 1.2 Draft Preliminary 30%  Design Package 8 wks Wed 08/28/02 Tue 10/22/02

4 1.3 Final Preliminary Design Package 4 wks Mon 02/24/03 Fri 03/21/03

5 1.4 Detailed 90% Design Package 8.2 wks Mon 03/24/03 Mon 05/19/03

6 1.5 Final Detailed Design & Specification Package 6 wks Tue 05/20/03 Mon 06/30/03

7 1.6 Construction Deliverables 12 wks Tue 07/01/03 Mon 09/22/03

8 Project Implementation & Performance Monitoring 300 days Tue 07/01/03 Mon 08/23/04

9 Site Construction 8 wks Tue 07/01/03 Mon 08/25/03

10 2.1 Draft Performance Monitoring Plan 2 wks Tue 07/01/03 Mon 07/14/03

11 2.1 Draft Performance Monitoring Plan - review period 4 wks Tue 07/15/03 Mon 08/11/03

12 2.2 Final Performance Monitoring Plan 2 wks Tue 08/12/03 Mon 08/25/03

13 Performance Monitoring 52 wks Tue 08/26/03 Mon 08/23/04

14 2.3 Quarterly Reports 241 days Mon 07/07/03 Mon 06/07/04

20 2.4 Quarterly Site Meetings 241 days Fri 07/04/03 Fri 06/04/04

26 Project Performance Evaluation 41 days Mon 07/26/04 Mon 09/20/04

27 3.1 Draft O&M Manual 4 wks Mon 07/26/04 Fri 08/20/04

28 3.2 Final O&M Manual 4 wks Mon 08/23/04 Fri 09/17/04

29 3.3 Draft Final Report 4 wks Tue 07/27/04 Mon 08/23/04

30 3.4 Final Project Report 4 wks Tue 08/24/04 Mon 09/20/04
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ID Task Name Duration Start Finish
1 Detailed Design for Selected Alternatives 280 days Tue 08/27/02 Mon 09/22/03

2 1.1 Project kick-off meeting 1 day Tue 08/27/02 Tue 08/27/02

3 1.2 Draft Preliminary 30%  Design Package 8 wks Wed 08/28/02 Tue 10/22/02

4 1.3 Final Preliminary Design Package 4 wks Mon 02/24/03 Fri 03/21/03

5 1.4 Detailed 90% Design Package 8.2 wks Mon 03/24/03 Mon 05/19/03

6 1.5 Final Detailed Design & Specification Package 6 wks Tue 05/20/03 Mon 06/30/03

7 1.6 Construction Deliverables 12 wks Tue 07/01/03 Mon 09/22/03

8 Project Implementation & Performance Monitoring 300 days Tue 07/01/03 Mon 08/23/04

9 Site Construction 8 wks Tue 07/01/03 Mon 08/25/03

10 2.1 Draft Performance Monitoring Plan 2 wks Tue 07/01/03 Mon 07/14/03

11 2.1 Draft Performance Monitoring Plan - review period 4 wks Tue 07/15/03 Mon 08/11/03

12 2.2 Final Performance Monitoring Plan 2 wks Tue 08/12/03 Mon 08/25/03

13 Performance Monitoring 52 wks Tue 08/26/03 Mon 08/23/04

14 2.3 Quarterly Reports 241 days Mon 07/07/03 Mon 06/07/04

20 2.4 Quarterly Site Meetings 241 days Fri 07/04/03 Fri 06/04/04

26 Project Performance Evaluation 41 days Mon 07/26/04 Mon 09/20/04

27 3.1 Draft O&M Manual 4 wks Mon 07/26/04 Fri 08/20/04

28 3.2 Final O&M Manual 4 wks Mon 08/23/04 Fri 09/17/04

29 3.3 Draft Final Report 4 wks Tue 07/27/04 Mon 08/23/04

30 3.4 Final Project Report 4 wks Tue 08/24/04 Mon 09/20/04

January February March April May June July August Septembe
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